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Table 5: Nuclear Electric Power Plant Prototypes 
(1962) 





name and owner location type 








Shippingport Atomic Power 
Station (AEC and Duquesne SNe 
Light Company) . eS i. 

Dresden Nuclear Power Staff forte 7 

(Commonwealth Edison § 
Company) + 

Yankee Nuclear Power Statioiiy 
(Yankee Atomic Electric 
Company) 

Indian Point U aityNo. 1 
(Consolidat 2 
of New Yoru@pa 

Hallam Nuclegit® 
Sheldon S$ 
Consumer! 
District) s 

Big Rock Nucié 

(Consumers F 

Elk River Reactay 
Rural Coopera 
Association) 

West Germany (Rhine 
Power Company, 2¥E) 

Belgium (Center for the Study 
of Nuclear Energy, CEN) 



























*Electrical output. tThermal outpal 





plant with 60,000 kilowatts of electrical po fy 
with steam to be sold to an electme-power COMpsn). The 
echnology was derived largely from experience wath the 
submarine thermal reactor. 

The concept of a boiling-water reactor was derived from 
experiments at the Argonne National Laboratory wth a 
small reactor that had been allowed to boil the water Sur- 
rounding the core on a COnHmUOUS basis, thus suggesung 
the possibility of direct couplmg to a steam turbine instead 
of using hot pressurized water from the reactor to produce 
steam in a boiler separate “em the reactor. The exper- 
iment had shown that if the control rods were abruptly 
removed, thus causing 2 sudden power expansion, te 
boiling water became Steam So rapidly that the moderating 
effect of the water was lost and the chain reaction came 
to a stop long before the fue! elements were damaged. 

The homogeneous reactor was to be based upon ¢&% 
experience at Oak Ridge. It would be slightly larger 
was intended to serve as 2 prototype for a still largesg 

The sodium-graphite reactor was intended to COE 
the well-known graphite technology as the mod 
sodium cooling to achieve higher temperatures * I 
efficient power production, without the inconvenig 
the high pressures associated with water cooling. 

Finally, the potential advantages of a fast-breed 
were well recognized. With the success of the 
experimental breeder reactor (EBR -I), it was deci 
the Argonne National Laboratory should build a 
version (the EBR-II), also to be im Idaho at the N 
Reactor Testing Station. It would be scaled up to 
60.000 kilowatts of heat with an electrical prod 
of about 15.000 kilowatts. It would be loaded frst 
uranium-235 and later with plutonium in order to end 
it to produce larger amounts of plutonium im the ul 
nium blanket. 

By the end of the decade, each of these five experimenta 
reactors was operating and another had been added. A 
small reactor moderated with organic material had been 
tried because of its potential for producing fairly high 
steam temperatures at relatively low pressures. A major 
disadvantage, however, was the low heat-transfer proper- 
ties of the organic material and its tendency to decompose 
and polymerize (combine two or more small molecules 
into large ones). 

Except for the homogeneous-reactor Concept. each of the 
experimental reactors led to the design anc construction 
of industrial prototypes or demonstration reactors. Some 
of these plants were large enough to produce a significant 
amount of power, but there was still no proof that the 
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costs could be made competitive with power plants burn- 
ing fossil fuels. 


largely by a growing shortage of coal and oil, the six 
Common Market countries of Europe in March 1957 rat= 
ified the establishment of the European Atomic Energy 
Community (Euratom). Earlier. representatives from West 
Germany. France, and Italy had visited the United States 
and had discussed plans for a nuclear power program in 
Europe. Their report, “A Target for Euratom,” noted the 
growing dependence of Europe on energy imports and 
the crisis that the threatened closing of the Suez Canal 
sptainine oil from the Middle East. With ns- 
g and msing demand for electric power, they 
<4 wut the advent of nuclear power as a 
pe could become less dependent on 
posed that Euratom set a target of 
impdalied nuclear power capacity 
years. 
ihe conditions for nuclear 
vere more favourable than 
nd indeed that European 
Zoving ground from which 
pment could benefit. 
diized. partly because of the 
the discovery of new oil 
beginnings of a nuclear- 
™ dual-purpose graphite- 
fi-reactor approach. Italy 
Mis from both the United 
and was the first to pro- 




































een Euratom and the United 
however, fell far short of what 
ved The Euratom proposal was 
by utility companies, and the 
nd availability of nuclear fuel, 
éar-liability insurance, together 


sEretorm 


uraiom Mejccts. and a third underway, provided 
altogether about 700,000 kilowatts of capacity. Obviously 
the earlier goal was not to be achieved, arid there had 
been only a beginning in the development of an interna- 
tional market for nuclear-power equipment. During the 
same period, Japan, with its dependence on fuel imports, 
recognized the potential advantages of nuclear power and 
began to explore the possibility of purchasing both nuclear 
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Figure 31: A smoothed version of the load curve of 
together with a load duration curve, indicating the number of hours 
each day that a particular load is exceeded. 


Reprinted from Principles of Electric Utility Engineering by C A. Powel By pe 
MT. Press, Cambridge, Massachusetts. Copyright 1955 by M T 


mission of the 


For most economical operation the base load portion 
should be supplied by the power stations the operating 
costs of which are lowest; for example, by run-of-river-flow- 
type hydroelectric stations, by the most efficient thermal 
power stations in the system, and, increasingly. by nuclear 
power stations. The peak load portion should be supplied 
by power stations the construction costs of which are low. 
Peak load is relatively high in kilowatts but relatively short 
in duration, so that total kilowatt-hours are not great. 
Peak load may be supplied by pumped-hydro sta ions, old 
thermal power stations, and gas~taeby Vice 

Pumped hydro requires no 4 
pumping the water to the st 
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fh SY} , 
Figure 32: Typical load duration curves for a one-year period, 
showing how base load can be substantially increased (right) 
by using power during pericgigyg’ low Gemanc to operate a 
pumped storage a tt 
can be used for iff the level of base load 
(see Figure 32, right). TRS 


















Mikdieioad is then supplied by 
older type thermal statiGms.*§d ago modate starting and 

G ice im thermal statioys 
are designed especially fomydg@pniddle-part use. Effective 
system planning requires estates of future changes in 
the percentages for the three types of load. 


INTERCONNECTION 
To determine how much generating capacity should be 
built into a power system, a number of factors*ygps 
considered. Foremost is the maximum pegked ag 
system. Emergency conditions (¢.g., a fau 
station or in transmission lines) must bt cong 
as scheduled outages for regular repair 2a 
To provide the necessary reserve m@ 
peak power requirements, a certain rege 

quired, sometimes expressed as 15 perce ip ssa Jy 

and sometimes by the total of the two larges cc 
system. Each system must be considered indiy \ ee a 
capacity of the largest generating unit is norma Se 

to 10 percent of the total system capacity. } 
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The investment cost of generating capacity per kOe 





is usually lower as unit size increases, making the use of 
larger units economically beneficial. In a small system, 
however, such benefits cannot be realized. Larger systems 
can be assembled by interconnecting two or more smaller 
systems, thus enabling the use of a larger generator unit. 
Interconnections must be designed to give an adequate 





:~_bility. In many instances on-line go 


. Spetwork for telemeten 
“SS gpaibe 

. Watunctions. 
Lae 
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pp LOCated almost instantly and thegiauthe 
Sieea ery short time, thus owiig 
i the re#fof-the system, whatevey the 
iho | ate Siler & Patt) 


power flow through interconnecting lines In an emicrgcicy. 
If help from neighbouring systems can be counted on in 
case of emergency, as can be realized by interconnection, 
reserve margins can be reduced, resulting in considerable 
economic benefits. 
- Interconnection also has economic advantages in day-to- 
day utility systems operations. Where system load condi- 
tions would norfrally require the operation of a generat- 
ing station: wits agyelatively low efficiency if the system 
were operatin dependently, interconnection can cut 
fuel costs by ma suse of more efficient generators from 
a neighbouring sy#em. Another advantage of intercon- 
nection 1s ye xibiftt-it allows in choosing sites for new 
nerating stations; planning. takes into consideration the 
nterconnected systems as 2. yaa 
independent system. Becaase’s 
power systems have grown shea 
terconnection between GBtrgy 
even interconnections between™ 
Interconnection introducessiT@ 
must be solved in systett, 
line power flow, for exam 
to neighbouring electric 
controlled in the day-to- ratw 
nected system. Such power fésw #s,ndr 
on a contractual basis betweétfsahe 
The complexity of systems with yfteret 
peints and at various voltages, HOWEVEr? ereae 
problems, for the solution of which the anak computer 
has Been used-since the 1930s. Such computers, known 
as ac calculating boards, network calculators, or netw ork 
anahyzers, have proved to be effective tools for solving 
power flow problems in interconnected system operation 
and planning. In the late 1960s they beganto. de replaced 
by digital computers, which have grg@iiiiial i 













































for the operation of large inte 
In addition to the norngg 
phone and fadio, a utilf 


Extensive ¥ 
circuits, carrier teleph 


carrier telephony the q for 
high-frequency waves. iN 

As a power system grOwet py dis- 
turbances increases propo t the 


rupturing capacity of all circa 
increased. A circuit breaker wi 
pacity may explode when a syS{f 
to alleviate the problem is to intr0@ 
(a circuit component that impedes 1 of alternat- 
ing current) into the system to reduce the fault current. 
Such reactance causes a voltage drop in,@@system during 
normal operation. however, and so has /@eRay ‘backs. Con- 
necting two systemd with a de linking@aey 
possibility. No ac fault current flows thygay 
ing device: thus fault current is restric# 

Another problem with interconnsog ed 
possibility of a-large-scale blackout @ 
fault. Power systems are designed,s¢ 
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Rapa fSien is usually on a single coftingency 
Ri eA) operation two gr more contingencies 
~ Brae neously, perha s feading ‘to a wide- 
we - ; 

25 eal of power. Weather disturbances may 
eas Mission lines, whilgan error on the part 
Bpatcher, or failure of*a protective apparatus 
NW circuit breakers), cannot be excluded. Thus, 

Bread blackouts. such as that of November 1965 in 
fetortheastern United States and southeastern Canada, 
can occur. Much can be learned from such large-scale 
power failures. First, reserve capacity, to be effective in 
an emergency. should be a spinning reserve: that is, the 
equipment must be in such a state that the output ca- 
pacity can be used very soon after the disturbances. The 


time needed to produce electricity from a thermal station 
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Figure 3g laduction motor fields and their interaction weth 
rotor stator conductors. © indicates that the fiow of 

is qi ted toward viewer, perpendicular to page: & 
if@eted away from Viewer (see text). 


mn) \' 









a e same but whose phase relationship is 
PB shows schematically a stator on wig 


wh SN in: the direction shown, 
ae atthe stator surface 


aa > serene i, is zero, and i, 

tmy"The resulting field condi 
‘m’Figtire 33D. At a third instant, & £ 
advanced to a maximum, but in the negative sense, whit 
i, has fallen back to zero from a positive maximum. The 
field situation is now. that of Figure 33E. Finally, at ¢, 
i; has again become zero and i, has reached a ee 


pole motor, since at any instant there is but 0 
and but one south pole. The arrangement of Figure 33G, 
on the other hand, will produce two north poles and two 
south poles at any instant and therefore is a four-pole 
stator. It is not uncommon to have as few as two or as 
many as 100 poles in a motor. The speed of the revolving 


makes better use of the available spa 





magnetic field in revolutions Bevis any motor is 
120 #/p, in which f is the frequency in/hertz-and‘p is the 
number of poles. ‘Oe? 

In a practical motor the stator. will ha 
than indicated here, and these will be dis 
its periphery in equally spaced slots. 






more coils 









sditec- 
DY the dashed line in Figuré 33H. The 
fhe rotor and sowth pole of the stator will 
each other, and a torque will be exerted on the ro- 
tor tending to turn it in the direction of the rotating field. 
If the rotor is travelling at the sagge speed as the revolving 
field. there will be no induced in the conductors, no 
current flow, and no torque. Hence, at synchronous speed 
the torque drops to zero. If the rotor travels faster than 
symchronous speed, the direction of the induced voltage 
and the current will be reversed, thus reversing the torque: 
the motor is now serving as am induction generator. 
Construction features. The rotor and stator are built up 
of laminations of 0.25 percgy aeeo nt silicon steel, 
from 0.014 to 0.025 in 
The laminations are 
varnish to reduce the 

























stack of rotor laminations is imserted in a 5 centrifugal 
was ipachine and molten aluminum or copper is intro- 
result, after the metal solidifies, is an integrally 
pngitudinal conductors 2 
generally is used for stag 
ves under 100 horsep 







of the solid ding is the 

otor, in which ar rotated 

tic field to gener . pro- 

6 its speed. A say on 

teel will also pxqjine duc- 

Se lsous-winding rota incl for 


OMOotors. 


Polyphase induction 


broduced by three 
different currents whose phase relationships are 120° in- 
stead of the 90° shown in Figure 33A. 

Both squirrel-cage and wound-rotor motors may be used 
in polyphase service: however, the latter are usually re- 
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_ operant \'ap-a-rent\ adj. 
Referring to something _that _is_ 
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